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[57] ABSTRACT

Amethod and a device for the draw expansion of metal tubes
of oval cross-section uses expansion elements drawn unidi-
rectionally through metal tubes by means of draw elements.
The expansion elements are fastened to the draw elements
by suspension devices which have a hammer-like contour.
The draw elements are preferably made of a rod-shaped
material. An apparatus of the invention is an apparatus for
mechanically expanding metallic tubes, in particular tubes in
heat exchangers. Each individual tube to be expanded is held
in at least one holding device and passed through by a
drawing mandrel with an expanding element. To prevent
jamming of the expanding element in one of the holding
devices, the holding devices are provided with lateral guides
which are resiliently compliant outward in the radial direc-
tion. When the expanding element passes through the metal-
lic tube, the tube is expanded in the radial direction. The
forces occurring thereby in the axial direction are absorbed
by the holding device, since the tube is seated on a stop in
the holding device.

11 Claims, 11 Drawing Sheets
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METHOD AND DEVICE FOR EXPANDING
METAL TUBES

This application is a division, of application Ser. No.
08/312,267, filed Sep. 26, 1994, now U.S. Pat. No. 5,640,
879.

BACKGROUND OF THE INVENTION

The invention relates to a method and device for expand-
ing metal tubes, particularly metal tubes of oval cross-
section, to fasten the metal tubes to metal ribs.

It is known from EP-B1 188 314 to connect metal tubes
of oval or elliptical cross-section and metal ribs to one
another by mechanically expanding the metal tubes. Here,
expansion elements are pushed through the metal tubes, the
expansion operation taking place in two stages.

A similar single-stage expansion method and a device in
the form of an expansion mandrel having an expansion head
and a thrust rod is disclosed by DE-A-27 05 632.

A disadvantage in the above-mentioned prior art is that
the metal tubes are under compressive load during the
expansion and can consequently bend out or buckle. Leak-
ages can occur at the tube-plate connection due to this
bending or buckling of the tubes. The mandrel rod is
likewise under compressive load. Here, too, there is a risk of
buckling, the expansion element tilting in the metal tube and
the expansion of the tube becoming uneven.

The present invention also relates to an apparatus for
mechanically expanding metallic tubes, in particular tubes in
heat exchangers, the apparatus including a drawing mandrel
with an expanding element and a holding device. It is
suitable, for example, for a process for producing heat
exchangers, such as that described in the first part of the
present invention. For each tube to be expanded, such an
apparatus has a drawing mandrel with an expanding element
and at least one holding device. The tubes are pre-expanded
at their ends and fitted into the holding device. Subsequently,
the tube is passed through by the drawing mandrel and the
expanding element, the tube being expanded. The pre-
expanding is necessary in order that the expanding element
can be passed completely through the tube and does not jam
in the holding device. The pre-expanding of the tubes is an
independent operation and consequently a not inconsider-
able cost factor.

SUMMARY OF THE INVENTION

An object of the invention is therefore to improve the
method of fastening metal tubes to metal ribs in such a way
that metal tubes of relatively great length can also be
mechanically connected to metal ribs. In addition, it is an
object of the invention to provide a device for carrying out
the method, which device is suitable, in particular, for flat
oval tubes.

These and other objects of the first part of the invention
are achieved by a method of fastening metal tubes to metal
ribs, comprising the step of drawing expansion elements
unidirectionally through the metal tubes to plastically
deform the metal tubes and deform the metal ribs. The
drawing step may include the step of drawing the expansion
elements by means of draw rods and elastically deforming
the metal ribs. Preferably, the drawing step includes the step
of drawing the expansion elements through metal tubes
having oval cross-sections.

The inventive method may further comprise the steps of
expanding the metal tubes in at least one of their end areas;
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2

pushing a draw rod having an expansion element attached
thereto into each metal tube; and pushing the metal tubes
with the pushed-in draw rods into corresponding openings of
a metal rib pack.

In one aspect, the method includes, before the drawing
step, the step of supporting the metal tubes in a holder at tube
ends which are remote from initial positions of the expan-
sion elements, so that the metal tubes are subjected to a
compressive load during the drawing step.

In another aspect the method includes, before the drawing
step, the step of clamping the metal tubes in a holder at tube
ends which are adjacent initial positions of the expansion
elements, so that the metal tubes are subjected to a tensile
load during the drawing step.

In a further aspect the method includes the step of drawing
expansion elements having two draw rods opposite one
another, unidirectionally in a first direction through first
metal tubes and unidirectionally in a second direction
through second metal tubes, a tensile force being transmitted
to the expansion elements via draw rods connected to sides
of the expansion elements, which sides correspond to a
drawing direction.

The apparatus of the invention includes, in a first aspect,
a device for fastening metal tubes to metal ribs, comprising
an expansion element having at one end a suspension device
having a hammer-like contour.

A second aspect of the inventive apparatus includes a
device for fastening metal tubes to metal ribs, comprising an
expansion element having at one end a mounting device
having two hooks pointing toward a centerline of the expan-
sion element.

In its first aspect, the expansion element may include at an
opposite end a second suspension device having a hammer-
like contour.

In its second aspect, the expansion element may include
at an opposite end a second mounting device having two
hooks pointing toward the centerline of the expansion ele-
ment.

The first aspect of the device may further comprise a draw
rod having at one end a mounting device for engaging with
the hammer-like contour of the suspension device of the
expansion element, the mounting device having hooks
pointing to a centerline of the draw rod.

The second aspect of the device may further comprise a
draw rod having at one end a suspension device having a
hammer-like contour for engaging with the mounting device
of the expansion element.

An object of the apparatus of the invention is to provide
an apparatus for mechanically expanding metallic tubes such
that the metallic tubes can be expanded completely in one
operation.

These and other objects of the invention are achieved by
an apparatus for mechanically expanding metallic tubes,
comprising at least one drawing mandrel having an expand-
ing element at one end thereof and at least one holding
device having an insertion funnel and a stop, for holding a
metallic tube to be expanded by the expanding element
wherein the holding device includes lateral guides which are
resiliently compliant outward in the radial direction.
Preferably, the holding device includes, in a region of the
lateral guides, at least one incision in the axial direction
wherein the lateral guides are connected in one piece with
the holding device and are resiliently compliant outward.

Advantageously, the apparatus also includes a base plate,
a holding plate, a plurality of holding devices having holding
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rings and arranged on the base plate at the same axial
spacing as the metallic tubes to be expanded, wherein the
holding devices are firmly clamped by their holding rings
between the base plate and the holding plate.

Another aspect of the invention is an apparatus for
mechanically expanding metallic tubes comprising at least
one drawing mantrel having an expanding element at one
end thereof and at least one holding device for holding a
metallic tube to be expanded by the expanding element, the
holding device including a bead around an internal periphery
thereof, wherein the holding device includes lateral guides
which are resiliently compliant outward in the radial direc-
tion.

Further objects, features, and advantages of the invention
will become apparent from the following detailed descrip-
tion taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings are hereby expressly made a part of the
specification. The invention is shown in the drawings with
reference to exemplary embodiments, in which:

FIGS. 1(a)~(d) show the step-by-step sequence of the
method;

FIGS. 2(a)—(h) show the expansion principle of the draw
expansion, tubes under compressive load;

FIGS. 3(a)—(g) show the expansion principle of the draw
expansion, tubes under tensile load,;

FIGS. 4(a) and 4(b) show the mounting device of a draw
rod;

FIG. 5§ shows the suspension device of an expansion
element;

FIG. 6 shows an expansion element with two suspension
devices;

FIG. 7 shows the mounting device of a draw rod;

FIGS. 8(a)~(c) show a draw rod having a movably
mounted expansion element;

FIG. 9 shows a holding device with incision;

FIG. 10 shows an apparatus for mechanical expanding,
with a heat exchanger block;

FIG. 11 shows holding devices with a tube, drawing
mandrel and expanding element;

FIG. 12 shows a holding device with a tube end, drawing
mandrel and expanding element;

FIG. 13 shows a holding device with movably mounted
holding elements and springs; and

FIG. 14 shows a holding device with a bead around the
internal periphery.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The invention includes a method and device which are
suitable for expanding metal tubes of oval cross-sections,
where oval cross-section means a tube cross-section which
has a larger main axis and a smaller secondary axis, in
particular oval or elliptical cross-sections.

In a broad aspect of the invention, expansion elements
should be fastened to corresponding draw elements and they
should be drawn merely in one direction through the metal
tubes to be expanded, their buckling being impossible due to
the tensile stress of the draw elements. Resulting as a further
advantage from the single drawing of the expansion ele-
ments through the metal tubes is the fact that the expansion
elements are exposed to less wear than is the case in a
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conventional fabrication method in which the expansion
elements are pushed through the metal tubes and are then
pulled back again. In particular, when the expansion ele-
ments are pulled back out of the metal tubes, the expansion
elements can seize in the metal tubes, since a lubricant
which has been applied to the expansion elements before the
expansion is already consumed during the first pass through
the metal tubes.

In one aspect of the invention, the metal tubes are
pre-expanded at at least one of their ends, a special pre-
expansion element being used for this purpose. Holding
means can be advantageously attached to these pre-
expanded areas during the subsequent expansion operation,
which holding means can absorb the tensile or compressive
forces in the axial direction which act on the metal tubes
when the expansion elements are being drawn through. In
each case a draw rod with an expansion element fastened
thereto is pushed into the metal tubes prepared in this way,
the expansion elements projecting from one end of the metal
tubes. Since the expansion elements have a rounded form,
they advantageously serve as insertion aids during the
pushing of the metal tubes into the openings of a metal rib
pack, catching of the metal tubes in the metal ribs being
prevented. The expansion elements are then drawn through
the metal tubes in one direction by means of the draw rods.

In another aspect of the invention, the metal tubes are
clamped in holders during the expansion operation with their
clamped ends remote from the initial position of the expan-
sion elements. The compressive forces arising when the
expansion elements are being drawn through the metal tubes
are absorbed by the above-mentioned holders.

In yet another aspect of the invention, the metal tubes are
clamped in holders during the expansion operation with their
clamped ends facing or adjacent the expansion elements.
The tensile forces occurring when the expansion elements
are being drawn through the metal tubes are absorbed by the
above-mentioned holders. This development is especially
advantageous, since merely tensile forces occur in the metal
tubes so that the tubes cannot buckle even when they are of
great lengths.

In still another aspect of the invention, a tube plate is
arranged at least on one tube outlet side of the metal rib
pack, the pushed-in metal tubes extending through this tube
plate. The tube plate and the metal ribs are connected to the
metal tubes in one expansion operation, as a result of which
an additional operation for fastening the tube plates can be
dispensed with.

Preferably, elastic seals are additionally inserted into the
tube plates before the expansion, so that the seals are pressed
against the enclosed tube and into the openings of the tube
plate by the expansion. Leakages which could be caused by
roughness or the like on the seals are thereby compensated
for.

In a further aspect of the invention, two draw rods
opposite one another are fastened to the expansion element.
In a suitable machine, the expansion element can now be
drawn alternately in a forward direction and a reverse
direction through tubes to be expanded. Here, the draw rod
lying at the front is pushed during the forward movement
into a metal tube and the latter in turn is inserted during the
forward movement into the openings of the metal rib pack.
The metal rib pack and the metal tube are now seized and
held in place by holding devices. The draw rod lying at the
front, the expansion element and the rear draw rod continue
to be drawn in the forward movement through the metal tube
and out of the latter, the tensile force acting on the front draw
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rod. The finished rib block is now removed from the
machine. During the reverse movement, the rear draw rod
not used hitherto is pushed into a new metal tube and is
pushed with the latter into the openings of a further metal rib
pack. The metal rib pack and the metal tube are again seized
and held in place by holding devices, and the expansion
element is drawn through the metal tube by means of the
draw rod which was previously the rear draw rod. After the
finished rib block is removed, the machine is free for a new
cycle. The idle travel and idle times of the machine are
drastically reduced by this method and the costs incurred are
accordingly reduced.

In accordance with the present invention, the expansion
element has at one end or at both ends a suspension device
having a hammer-like contour. In one aspect, the expansion
element is provided at one end or at two ends opposite one
another with a mounting device which has two hooks
directed to the inside. Preferably, the suspension and mount-
ing devices of the expansion elements are put together with
corresponding mounting and suspension devices of the draw
rods by means of which the expansion element is drawn
through the metal tube. A time-consuming screw fastening is
not necessary in this variant or in any other variant according
to the invention. This development of the suspension device
on the expansion element and of the associated mounting
device on the draw rod is especially advantageous in the case
of tube cross-sections which are of very flat configuration,
thus the draw rods and expansion elements according to the
invention can be used, for example, at axial ratios of 1:3,
1:10 up to 1:20 and above. In addition, the expansion
elements can be exchanged very easily, since they are held
in the mounting devices merely via an interference fit.

In a further aspect of the invention, the suspension and
mounting devices of the expansion elements and draw rods
have undercuts. The hooks and the suspension device are
thereby connected to one another in a positive-locking
manner, as a result of which bending-up of the mounting
device under tensile load is prevented, so that the hooks do
not need to be made especially rigid, thus also not so thick,
as a result of which the expansion elements and draw rods
can also be used in extremely slender metal tubes.
Preferably, the undercuts are located on the underside of the
suspension device or on the top side of the hooks of the
mounting device. The ends of the hooks are thereby widened
and can no longer be pulled sideways out of the connection
with the suspension device. This effect can be intensified if
the opposite sections of the suspension and mounting device
are likewise made with corresponding undercuts. In the
combination of these embodiments, the ends of the hooks
are finally formed in a T-shape and enclose a suspension
device of corresponding configuration, the extensions of the
hooks also engaging in the shoulders of the expansion
element.

In a preferred embodiment, the expansion element is
movably fastened to the draw rod, in which case it can move
back and forth in a circular arc shape by a certain angle on
the main axis. Due to this embodiment, the expansion
element can be oriented automatically in the metal tube
during the drawing, and thus the draw means no longer has
to guide the draw rod so exactly in the metal tube.

Preferably, the draw rod is designed as a band-shaped
draw rod. The advantage of such a development consists in
the fact that the draw rod and the expansion element
connected thereto are easy to manipulate, for example, for
pushing the draw rods into the metal tubes. In addition, the
metal tubes are supported from inside by the draw rod during
the expansion. This is especially of advantage when the
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metal tubes are under compressive load during the
expansion, since buckling of the tubes can thereby be
prevented or at least reduced. This effect is further intensi-
fied if the band-shaped draw rod has roughly the form and
the internal dimensions of the metal tube before the forming
operation. For easier manipulation and simpler adjustment
in the drawing machine, the draw rods are preferably flat-
tened at their longitudinal sides.

FIGS. 1a—d show the individual steps of the method for
mechanically connecting metal tubes 3 of oval cross-section
to a metal rib pack 4. Here, draw rods 1, in whose mounting
device 22 (not shown here) expansion elements 2 are
inserted, are pushed into the metal tubes 3 to such an extent
that the metal tubes 3 sit on or abut the expansion elements
2 (FIG. 1a). The metal tubes 3 have been pre-expanded at
one end or both ends in a preparatory operation. The ends of
the draw rods 1 protrude from the metal tubes 3 on the side
of the metal tubes 3 which is opposite the expansion
elements. These ends of the draw rods 1 are provided with
suitable devices with which they can be seized by a drawing
machine. The metal tubes 3 with the pushed-in draw rods 1
are now pushed with the expansion elements 2 in front into
the openings 8 of a metal rib pack 4 (FIG. 1b), in the course
of which the expansion elements 2, due to their rounded
form, facilitate the insertion of the metal tubes into the metal
rib pack 4. The metal tubes 3 are then oriented in the metal
rib pack 4 (FIG. 1c¢), are fixed in this position in the metal
rib pack 4 and are seized at the pre-expanded ends 7 by a
holding device 51 or 514 or 61 (See FIGS. 9-14). In the last
working step shown here (FIG. 1d), the expansion elements
2 are pulled with their draw rods 1 through the metal tubes
3, in the course of which the metal tubes are expanded and
the desired mechanical connection with the metal rib pack 4
is produced.

FIGS. 2a—h and FIGS. 3a—g represent the principle of the
draw expansion, the metal tube 3 being under compressive
load in FIGS. 24— and under tensile load in FIGS. 2a—g.
The pre-expansion of the metal tube 3 is shown in FIGS. 2a
and 2b. Here, the end area 7 of the metal tube 3 is expanded
with a pre-expansion element 6, and the rim 12 is addition-
ally provided with beading. The pre-expansion element 6 is
pulled out of the metal tube 3 again. The draw rod 1 with the
expansion element 2 is then pushed into the metal tube 3
(FIG. 2¢) until the metal tube 3 sits on or abuts the expansion
element 2 (FIG. 24d). In the process, the expansion element
2, by means of an interference fit, is suspended with the
suspension device 20 into the mounting device of the draw
rod 1, consisting of the hook 23. The metal tube 3 thus
prepared is now pushed with the expansion element 2 in
front through the opening of a tube plate 5 into the opening
8 of the metal rib pack 4 and a further tube plate 5 (FIG. 2¢)
and is oriented there. The tube plates 5, the metal rib pack
4 and the metal tube 3 are then clamped in holders 51 or 514
(See FIGS. 9-13) which can absorb the forces occurring
when the expansion element 2 is being drawn through the
metal tube 3. The holding forces P,, which act on tube plates
5 and the metal rib pack 4 are very small as a result. The
retaining force Py acts on the end 9 of the metal tube 3, as
a result of which the metal tube 3 is loaded by compression
in the axial direction. The draw rod 1, on the other hand, is
only stressed by tension by the tensile force P, (FIG. 2f).
FIGS. 2g and 2/ show the end of the expansion method. The
metal tube 3 is expanded and the metal rib pack 4 and the
tube plates 5 are fixed thereon. The draw rod 1 and the
expansion element 2 are pulled completely out of the metal
tube 3 and are available for a renewed expansion cycle.

FIGS. 3a-g likewise show the principle of the draw
expansion, but here the metal tube 3 is loaded by tension.
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FIGS. 3a and 3b show the preliminary expansion of one end
10 of the metal tube 3. The pre-expansion element 6 is again
removed from the metal tube 3. The draw rod 1 and the
expansion element 2 are now pushed into the metal tube 3
(FIG. 3c¢) until the metal tube 3 sits on or surrounds the
expansion element 2 with the tube section which is not
pre-expanded (FIG. 3d). The expansion element 2 is thereby
already pushed fully into the metal tube 3. Metal tube 3,
draw rod 1 and expansion element 2 are pushed with the
draw rod 1 in front into the opening 8 of the metal rib pack
4 and two tube plates 5 (FIG. 3¢) and are oriented there. The
tube plates 5 and the metal rib pack 4 are clamped in holders,
the holding forces P, which occur being very small. To
absorb the retaining force P, which occurs at the metal tube
3 during the expansion, a pre-expansion element 6 is pushed
into the tube end 10 of the metal tube 3. A holder 61 (See
FIG. 14) can now act on the tube end, which holder 61
produces a force P, acting on the periphery of the metal tube
3, so that the force Py, acting in the axial direction and
produced by the drawing of the expansion element 2 with the
tensile force P, through the metal tube 3, is transmitted to
the holder 61 by friction contact (FIG. 3f). Finally, the
pre-expansion element 6 is removed from the metal tube 3,
whereby the expansion operation is completed (FIG. 3g).

FIGS. 4a and 4b show the mounting device 22 of a
band-shaped draw rod 1, consisting of two hooks 23 point-
ing to the inside. The top sides of the hooks 23 are undercut
by the angle a. The space enclosed by the mounting device
22 has a hammer-like contour which corresponds to the
contour of the suspension device 20. The dimensions of the
mounting device 22 are fit sizes which form an interference
fit with the associated suspension device. The cross-section
of the draw rod 1 corresponds approximately to the cross-
section of the metal tube 3 in the non-expanded state. On its
longitudinal sides, the draw rod 1 is provided with flats 15
which substantially facilitate the manipulation of the draw
rod 1 (FIG. 4a).

FIG. § shows the suspension device 20 of the expansion
element 2. It has a hammer-like contour and is undercut at
its undersides by the angle . In addition, the shoulders 28
of the expansion element 2 can also be undercut on both
sides of the transition to the suspension device 20, in which
case the undercut angle § can assume a value of 5° to 25°
(See upper shoulder 28 in FIG. 5). The expansion element 2
and the suspension device 20 are made in one piece. The
flanks 21 of the expansion element 2 are convexly ground,
their greatest distance from one another determining the
greatest possible expansion of the metal tubes 3.

FIG. 6 shows an expansion element 18 with two suspen-
sion devices 19. The suspension devices 19 are rounded on
their top side, as a result of which a favorable direction of
the lines of force is achieved. They are undercut on their
underside, the undercut 17 being made roughly in a U-shape.
The shoulders 28 of the expansion element 18 likewise have
U-shaped undercuts 16 at the transitions to the suspension
devices 19. The flanks 21 are convexly ground.

FIG. 7 shows the mounting device 25 of a draw rod 14.
Here, the hooks 26 are provided with barbs 24, rounded in
a U-shape and pointing to the inside, and extensions 27
likewise rounded in a U-shape, so that the ends of the hooks
26 run out roughly in a T-shape. This shape of the hooks 26
corresponds to the corresponding shaped portion of the
suspension device 19 of the expansion element 18 (FIG. 6),
as a result of which the hooks 26 are connected to the
suspension device 19 by positive locking. The tensile forces
which are transmitted from the draw rod 14 to the expansion
elements 18 when used as intended cannot therefore lead to
the bending-up of the hooks 26.
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FIGS. 8a—c show a draw rod 31 having a movably
mounted expansion element 32. Here, the mounting device
34 of the expansion element 32 has lateral clearance relative
to the suspension device 33 so that the expansion element 32
can be moved back and forth about the pivot 30. The head
36, the undercuts 37 on the underside of the suspension
device 33 and the shoulders 38 on both sides of the transition
from the draw rod 31 to the suspension device 33 are
configured in a circular arc shape, the pivot 30 also being the
centre point of these corresponding circular arcs. The
mounting device 34 of the expansion element 32 has a shape
corresponding thereto, but it is cut out to such an extent that
the expansion element 32 can swing by an angle § about the
pivot 30. Here, too, the head area 39, the hook inner surface
40 and outer surface 41 are made in a circular arc shape, the
radius of these circular arcs corresponding to the respective
distance from the pivot 30. FIG. 8b shows the expansion
element 32 connected to the draw rod 31, in the centre
position, whereas FIGS. 8a and 8¢ show the expansion
element 32 in each case in the position deflected to the
maximum extent by the angle f3.

The present invention also includes an apparatus for
mechanically expanding metallic tubes including a drawing
mandrel with an expanding element and a holding device
with an insertion funnel and a stop. In this case, the holding
device is designed such that its lateral guides can yield
resiliently outward in the radial direction. For expanding the
tube, the tube is then fitted into the holding device, without
pre-expansion, and passed through by the drawing mandrel
and the expanding element. In this operation, the tube is
expanded in the radial direction. The forces in the axial
direction are absorbed by the holding device, since the tube
is seated on a stop in the holding device. If, when passing
through the tube, the expanding element reaches the end
region of the tube, by which the latter is fitted in the holding
device, the lateral guides are pressed outward by the expand-
ing element, as a result of which the opening cross section
of the holding element is enlarged in such a way that the
expanding element can be passed completely through the
tube. The costly pre-expansion is consequently dispensed
with completely.

Advantageously, the holding device is provided in the
region of the lateral guides with an incision, as a result of
which the lateral guides can spring radially outward. The
lateral guides are connected in one piece with the foot of the
holding device and act like leaf springs, as a result of which
a tube which is fitted into the holding device is centered
centrally in the holding device. Preferably, the incision has
at its foot an additional bore, as a result of which the
notching effect of the incision and at the same time the
resilient effect of the lateral guides are reduced. In this way,
the force which is exerted by the lateral guides on the held
tube can be set in a broad range.

In a preferred embodiment, the holding device comprises
at least two radially outwardly movable holding elements
which are provided with lateral guides and are pressed by
springs toward the center axis of the holding device. The
type of springs may in this case be chosen freely, according
to the size of installation space, thus for example cup
springs, leaf springs or helical springs may be used. The
holding elements are connected to the holding device by
special guides or by the springs.

In yet another preferred arrangement, a plurality of hold-
ing devices are arranged on a base plate at the same spacing
as that exhibited by the tubes to be expanded of the heat
exchanger block. The holding devices are in this case firmly
clamped by their holding rings between the base plate and a



5,887,476

9

holding plate. The holding plate advantageously has
recesses in the region of the holding rings, so that the
holding devices are secured by a form fit against lateral
displacement. By the arrangement of all the required holding
devices on one base plate and the use of a corresponding
number of drawing mandrels with the respective expanding
element, the expanding of all the tubes of a heat exchanger
block can take place in one action.

FIG. 9 shows a cross-section of a holding device 51. It
essentially comprises a tubular body. Formed thereupon is a
holding ring 56, by which the holding device 51 can be
fastened on a tool base plate 520 (see FIG. 10). Inside the
holding device 51 there is formed a stop 53, which supports
in the axial direction a tube 510 to be expanded (see FIG. 12)
and is able to absorb the forces occurring during the expand-
ing operation. In the radial direction, the tube 510 is held by
lateral guides 57, the tube 510 bearing against the abutment
58. The fitting of the tube 510 into the holding device 51 is
facilitated by an insertion funnel 52. The holding device 51
is provided in the region of the insertion funnel 52, the
abutment 58, the stop 53 and part of the basic body 59 of the
holding device 51 in the axial direction with an incision 54,
at the foot of which there is a bore 55. Due to this incision
54, the lateral guides 57 are formed in one piece onto the
basic body 59 like leaf springs. If, during expanding, the
diameter of the tube 510 is then enlarged, the lateral guides
57 spring outward. After removing the tube 510 from the
holding device 51, the lateral springs 57 return into their
initial position.

FIG. 10 shows an apparatus for mechanical expanding,
having an arrangement of seven holding devices 51 on a
base plate 520 and a heat exchanger block 513 with pushed-
in tubes 510. The holding devices 51 are arranged on the
base plate 520 at the same axial spacing as that exhibited by
the tubes 510 in the heat exchanger block 513 and are fixed
to a holding plate 521, the holding rings 56 being firmly
clamped between the base plate 520 and the holding plate
521. For expanding, the heat exchanger block 513 is fitted by
the tubes 510 into the holding devices 51, the tubes 510 not
being pre-expanded. Subsequently, drawing mandrels 511
with their expanding elements 512 (See FIG. 11) are drawn
in one action through the heat exchanger block 513 and the
base plate 520. Subsequently, the heat exchanger block 513
mechanically joined together in its finished form can be
removed.

FIG. 11 shows a tube 510 during expanding. The tube 510
is held in two holding devices 51, 51'. A drawing mandrel
511 with an expanding element 512 is drawn through the
tube 510, the tube 510 being expanded. The holding device
51', through which the expanding element 512 has already
been drawn, has been spread open radially outward by the
expanding of the tube 510.

FIG. 12 shows the tube 510, fitted into the holding device
51, during expanding. The stop 53 absorbs the axial forces
which occur due to the pushing through of the expanding
element 512. The lateral guides 57 are only spread open
outward by the expanding of the tube 510, so that the axial
forces are absorbed during the entire expanding operation.

FIG. 13 shows a holding device 514 with movably
mounted holding elements 518 and helical springs 519. In
this case, the holding elements 518 are mounted in the
tubular holding device 514 by the springs 519, the springs
519 being fixed in recesses. Instead of the springs 519,
elastomerically compliant materials may also be used here,
for example rubber blocks or rings. The axial forces which
occur during expanding are transferred from the fitted tube
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(not shown) to the stops 517, which in turn introduce these
forces into the supporting ring 515 of the holding device
514. The radial forces for securing the tube are applied by
the springs 519 and transferred to the tube via the abutting
surfaces 516.

FIG. 14 shows a holding device 61 similar to the holding
device 51 shown in FIG. 9. The holding device 61 includes
a holding ring 66, a basic body 69, a bore 65, an incision 64
and lateral guides 67. In contrast to the holder 51 shown in
FIG. 9, the holder 61 in FIG. 14 includes a thickening or
bead 630 that runs along the internal periphery of the
holding device 61. The bead 630 is integrally molded to the
ends of the lateral guides 67. In the expansion method using
the holder 61, the expansion element is pulled through the
metal pipe inserted in the holding device 61, and the metal
pipe is expanded radially. In so doing, the metal pipe is
constricted slightly in the region of the thickening or bead
630. As a result of this constriction, the forces which are
required for holding the pipe in the holding device 61 do not
have to be provided exclusively by frictional forces, but can
be taken up partly by positive locking.

In each of the methods described, the pre-expansion
element 6 can be pushed into the ends of the expanded pipe,
to avoid squashing the pipe ends. However, if the nature of
the material of the pipe ends is such that the ends withstand
the circumferential pressure of the holding devices, then the
introduction of pre-expansion elements is not necessary.

While the invention has been described with reference to
certain preferred embodiments, numerous modifications,
alterations, and changes to the preferred embodiments are
possible without departing from the spirit and scope of the
invention, as defined in the appended claims and equivalents
thereof.

What is claimed is:

1. A device for fastening metal tubes to metal ribs,
comprising:

an expansion element having at one end a suspension

device having a hammer-like contour, wherein the
expansion element includes at an opposite end a second
suspension device having a hammer-like contour.

2. A device for fastening metal tubes to metal ribs,
comprising:

an expansion element having at one end a mounting

device having two hooks pointing toward a centerline
of the expansion element, wherein the expansion ele-
ment includes at an opposite end a second mounting
device having two hooks pointing toward the centerline
of the expansion element.

3. A device for fastening metal tubes to metal ribs,
comprising:

an expansion element having at one end a suspension

device having a hammer-like contour; and

a draw rod having at one end a mounting device for

engaging with the hammer-like contour of the suspen-
sion device of the expansion element, the mounting
device having hooks pointing to a centerline of the
draw rod, wherein the hooks of the mounting device
include barbs having an approximate U-shape and
pointing parallel to the centerline of the draw rod.

4. A device for fastening metal tubes to metal ribs,
comprising:

an expansion element having at one end a suspension

device having a hammer-like contour; and

a draw rod having at one end a mounting device for

engaging with the hammer-like contour of the suspen-
sion device of the expansion element, the mounting
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device having hooks pointing to a centerline of the
draw rod, wherein one end of the hooks of the mount-
ing device includes extensions having an approximate
U-shape.

5. A device for fastening metal tubes to metal ribs,

comprising:

an expansion element having at one end a suspension

device having a hammer-like contour; and

a draw rod having at one end a mounting device for
engaging with the hammer-like contour of the suspen-
sion device of the expansion element, the mounting
device having hooks pointing to a centerline of the
draw rod, wherein ends of the hooks of the mounting
device have an approximate T-shape.

6. A method of fastening metal tubes to metal ribs,

comprising the steps of:

drawing expansion elements unidirectionally through the
metal tubes to plastically deform the metal tubes and
deform the metal ribs,

wherein the drawing step includes drawing the expansion
elements by means of draw rods, elastically deforming
the metal ribs, and optionally drawing the expansion
elements through metal tubes having oval cross-
sections;

expanding the metal tubes in at least one of their end
areas,

pushing a draw rod having an expansion element attached
thereto into each metal tube; and
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pushing the metal tubes with the pushed-in draw rods into

corresponding openings of a metal rib pack.

7. The method of claim 6, wherein the expanding step
includes expanding the metal tubes using a pre-expansion
element.

8. The method of claim 6, wherein the second pushing
step includes the step of pushing the metal tubes through a
least one tube plate having corresponding openings and
arranged on a tube outlet side of the metal rib pack, so that
the tube plate is fastened to the metal tubes during the
drawing step.

9. The method of claim 8, further comprising, before the
second pushing step, inserting elastic seals into the corre-
sponding openings of the tube plate.

10. The method of claim 6, wherein the drawing step
includes drawing expansion elements having two draw rods
opposite one another unidirectionally in a first direction
through first metal tubes and unidirectionally in a second
direction through second metal tubes, a tensile force being
transmitted to the expansion elements via draw rods con-
nected to sides of the expansion elements, which sides
correspond to the drawing direction.

11. The method of claim 6, wherein the drawing step
includes the step of drawing the expansion elements through
metal tubes having oval cross-sections.



